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This application is Cairns the bene* of U.S.S.N. 60/151,483 and 60/151,668. both of which are hereby 
expressly incorporated by reference in their entirety. 



FIELD OF THE INVENTION 



The invention relates methods of improving signa. detection from an array and methods for 
background subtraction in an array. The invention provides for novel array composes .ncludmg 
arrays with wells vflh different shapes, or surfaces coated with reflective or se.ectrvely absorptive 
coatings. In addition, the array include a signal transducer element. 



BACKGROUND OF THE INVENTION 



There are a number of assays and sensors for the detection of the presence and/or concentration of 
specifcsubstancesin fluids and gases. Many of these rely on specif, ,igand/anti,igand reac o„ s as 
the mechanism of detection. That is. pairs of substances f ,e. the binding pairs or 
are known to bind to each other.while binding Me or not atal. to other substance, Th,s has been the 
focus of a number of techniques that utiKze these binding pairs for the detection of the comp.exes. 
These generally are done by labeling one component of the complex in some way. so as to make the 
entire complex detectable, using, for example, radioisotope, fluorescent and other optically active 



molecules, enzymes, etc. 



Of particular use in these sensors are detection mechanisms utiiizing luminescence or fluorescence. 
Recently, the use of optica, fibers and optica, fiber strands in combination with right absorbing dyes for 
chemical ana.ytica, determinations has undergone rapid development, particularly w,th,n the last 
decade. The use of optical fibers for such purposes and techniques is described by Milanovich et al., 

.nternationa, Technical Symposium On Optics and E.ectro-Optics, Volume 494, 1 980; Sertz, W.R., 
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-Chemical Sensors Based On Immobile Indicators and Fiber Optics" in C.R.C. Critical Renews in 
Analytical Chemistry, Vol. 19, 1988, pp. 135-173; Wolfbeis. O.S., Tiber Optica, Fiuorosensors In 
Analytical Chemistry" in Molecular Luminescence Spectroscopy, Methods and Applications (S. G. 

et al "Chemical Sensors and Microinstrumentation", ACS Symposium Senes, Vol. 403, 1 989, P . 252, 
and Wolfbeis. O.S., Fiber Optic Chemical Sensors, Ed. CRC Press, Boca Raton, FL, 1991 , 2nd 



30 



Volume. 



35 



When using an optica, fiber in an in vitrotn vivo sensor, one or more light absorbing dyes are locate 
near^dislnd.Typical.y.lightfroman appropriate source is used to ,uminate the dyes through the 
fibers prodma, end.The light propagates a.ongthe .ength of the optica, fiber; and a portion o tt ,s 
propagated lighted the dista. end and is absorbed by the dye, The light absorb,ng dye may o may 
not be immobilized; may or may not be directly attached to the optical fiber itse.f, may or may no, be 
suspended in a fluid sample containing one or more analytes of interest; and may or may not be 
retainable for subsequent use in a second optical determ.nat.on. 

Once the light has been absorbed by the dye, some light of varying wavelength and intensrty returns, 
conveyed through erther the same fiber or collection fiber(s) to a detect system where it is observed 
and measured. The interactions between the light conveyed by the optica, fiber and the propert.es of 
the light absorbing dye provide an optical basis for both qualrtative and quantitative detonations. 

Of the many different classes of light absorbing dyes which convention^ are employed with bundles 
of fiber strands and optica, fibers for different analytica. purposes are those more common 
composes that em* .ight after absorption termed "fluorophores" and those wh.ch absorb ..ght and 
interna.* convert the absorbed .ight to heat, rather than emrt t as .ight. termed "chromophore, 

Fluorescence is a physical phenomenon based upon the 411* of some mo.ecu.es to absorb .ight 

SubstanLaL to fluoresce shareanumber of common characteristics: the abHrty to absorb. ,ght 
energy at one wave.eng.th A Ib ; reach an exerted energy state; and subsequently emit light at another 
.ight wavelength. >W The absorption and fluorescence emission spectra are individua. for each 

The same fluorescence emission spectrum is generaNy obse„ed irrespective of the wave.ength of the 
exerting light and, according.y, the wave.ength and energy of the exciting .ight may be vaned wrth n 

the length ofthe fluorescence signa, may be measured as the quantum yie.d of ..ght em*ed. The 
fluorescence quantumyie.d is the ratio of the number of photons emitted in compansontothen m 
ofphotonsinitia,.y absorbed by the fluorophore. For more detailed information regar-ng each of these 
characteristics, the foHowing references are recommended: Lakowicz, J. R., Pnncples of 
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Huorescence Spectroscopy, Plenum Press. New York, 1983; Freifelder, D.. Physical Biochemistry, 
second edition, W. H. Freeman and Company. New York, 1982; "Molecular Luminescence 
Spectroscopy Methods and Applications: Part I" (S.G. Schulman. editor) in Chemical Analysis, vol. 77. 
Wiley & Sons. Inc., 1985; The Theory of Luminescence, Stepanov and Gribkovskii, lliffe Books. Ltd., 
London, 1968. 

in comparison, substances which absorb light and do not fluoresce usually convert the light into heat 
or kinetic energy. The ability to internally convert the absorbed light identifies the dye as a 
-chromophore Dyes which absorb light energy as chromophores do so at individual wavelengths of 
energy and are characterized by a distinctive molar absorption coefficient at that wavelength. 
Chemical analysis employing fiber optic strands and absorption spectroscopy using visible and 
ultraviolet light wavelengths in combination with the absorption coefficient allow for the determ.nation 
of concentration for specific analyses of interest by spectral measurement. The most common use of 
absorbance measurement via optica, fibers is to determine concentration which is calculated .n 
accordance with Beers' law; accordingly, at a single absorbance wavelength, the greater the quantity 
of the composition which absorbs light energy at a gton wavelength, the greater the optical densrty for 
the sample. In this way. the total quantity of light absorbed directty correlates with the quantity of the 
composition in the sample. 

Many of the recent improvements employing optica, fiber sensors in both qualitative and quantitative 
analytical determinations concern the desirability of depositing and/or immobilizing various ..ght 
absorbing dyes at the dista. end of the optical fiber. In this manner, a variety of different optica, fiber 
chemical sensors and methods have been reported for specific analytical determinations and 
applications such as P H measurement, oxygen detection, and carbon dioxide.na.yses. These 
developments are exemplified by the following publications: Freeman, et a... Anal Chem. 53.98 (1983), 
Lippitsch et a.., Anal. Chem. Acta. 205:1 , (1988); Wolfbeis et a.., Ana,. One.. 60:2028 (1988); Jordan, 
et a. Anal Chem. 59:437 (1 987); Lubbers et al., Sens. Actuators 1983; Munkholm et al., Talanta 
35109 (1988); Munkholm et a... Ana,. Chem. 58:1427 (1 986); Sete. W. R., Ana,. Chem. 56:16A-34A 
(1984)- Peterson, et a.., Ana,. Chem. 52:864 (1980): Saari. et a... Ana,. Chem. 54:821 (1982); Saan. et 
a. Ana, Chem. 55:667 (1983); Zhujun et a... Ana,. Chem. Acta. 160:47 (1984); Schwab, et al., Ana,. 
Chem 56 2199 (1984); Wolfbeis. O.S., Tiber Optic Chemical Sensors". Ed. CRC Press, Boca Raton, 
FL, 1991. 2nd Volume; and Pantano, P., Watt. D.R.. Ana,. Chem.. 481A-487A, Vo.. 67, (1995). 

More recently, fiber optic sensors have been constructed that permit the use of multiple dyes with a 
single, discrete fiber optic bundle. U.S. Pat. Nos. 5,244,636 and 5,250.264 to Walt, eta,, disclose 
systems for affixing multiple, different dyes on the dista. end of the bund.e. the teachings of each of 
these patents being incorporated herein by this reference. The disc.osed configurations enab.e 
separate optica, fibers of the bundle to optically access individual dyes. This avoids the problem of 
deconvolving the separate signals in the returning light from each dye. which arises when the s ig na.s 
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significant overlap in the dyes' emission spectra. 

U S S N s 08/818,199 and 09/151 ,877 describe arra, comp.si.one that utilize microspheres or Ibearte 
U.S.S.N* 08/81 of a ^ ^ ^ ^ , ach , ndMdua , 

Teln o. la location o, an individual site on ft. array with the bead or M. agent a, that 
correlabonolin mea „ sl hat1he beads ma, be randomly distributed on the array, a 

^"l^src.Zred^nherfte.^^esisorspo^^nioueso.ete 
rrZr:Z3edJ,eb e ad 5 ,.ea, ra ,ca„bedecoded.„ca„be U se, 1 * U , 

„, partial decoding occurring aftertesling. as fe more full, outlined below. 

Accordingly, it. an o^edotth. present invenfion to pro.de mCeds and commons. or Improving 
the signals detected from such arrays. 

SUMMARY OF THE INVENTION 

one subpopulaton comprises a bloactive agent. 

,„ a dd»on the — n provides a compost wherein the substrate comphses a firs, and a second 
second surface. The population o, microspheres are distributed on the fire, surface. 
,„.ddi.on.hein»en«onpnwkl»ameth«lofmaldr fl aren« ; tivea,,a y . The method includes 

reflective material and distribuling microspheres on the surface. 

,„ add«,.n me invent Provides a method, wherein the substate comphses a firs, and a second 
surface and the microspheres are distributed on the firs, surface. 

,„ eddifion the *ven«.n includes a method corned, p,o»d*g a pre-formed ~ s 
bundle compdsing a prCma, and a dUal end. toe M end l**-^- 
comprising a population o. microspheres, the population comprrsmg a, least first and second 
IZLl and imaging the fiber opficb.ndlefromtoed^le^ . A re»e*e eoafngmaybe 

applied to eHhe- the distal end ., the proximal end of the fiber optic bundle. 
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,n addton the invention provides an array composition comprising a substrate with a surface 
comprising discrete sites comprising attemativeiy shaped we.., The we..s may conta,n a cross 
section that is shaped as a square, a hexagon, a star, a triangie. a pentagon or an octagon. 

Accordingly the invention provides a method comprising providing a substrate v*th a p.ura.ity -of 

population comprising at .east first and second subpopulations, and imaging the substrate. 

ln addition the invention provides an array composition comprising a substrate wrth a surface 
complg terete ^^.po,^--*"^'^^"^^^ 
microspheres comprise a bioactive agent and a signa. transducer e.ement. 

0 Accordingly the invention provides a method of detecting a non-.abeled target ana.vte in a sampje 

°° P 9 P . inn a hioactive acJ ent and a signal transducer element, contacts the 

■a^ „ mothorf of detectinq a chira. molecule in a sample comprising 
Z dL*. agent, «M to toe m* and second dsc.e.e ~ «l— *• -»--» ' ° 

SHI.-. »~~ 

20 molecule. 

,„ addition ft. — n provides, method a, da— 9 <he locafcn a, a micros* a,. »> an , an,, 
■■ ^n.substrata^afirslaurtaaacomprisinBatteaslaerMandasaconddBaatt 

indication of the presence of tha lira, microsphere in the first discrete arte. 

,„ add«ien tha invanSon prevHes a mathod of increasing signal output from an array compn*g 

*i i k i «*rhPd to the first and second discrete sites respectively, cool.ng the substrate to 
s*,„a, is increased relative to a signal oblained from a eub*a«e tna, rs no. coolad. 
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,n addrtion the invention provides a method for background signal subtraction in an array cornpnsmg 
providing a substrate with a surface comprising at .east first and second discrete stes and at to* first 
and second iabels attached to the first and second dscrete sftes respectively, detecting the s,gna. 
from the first and second discrete sKes in a piura.* of different emissions, and ^acti" 9 the lowest 
5 signal from each of the first and second discrete sites from the remaining signals from the first and 
second discrete sites, respectively. 

ln add-on the invention provides a method of correcting image non-uniform* comprising providing a 
substrate with a surface comprising at least first and second discrete sites, at .east first and second 

0 pointofknow, S igna.inten^ 
espect*e.y,dete^^ 

reference point as an indication of said image non-uniformity. 

, n addfion the invention proves a method of detecting a target analyte in a sam P .e 
L5 priding an array comprising a substrate v*h a surface comprising discrete srtes a reflect c^ng 
nsaidsu rf ace,andapopu,ationofmicros P heresdi« 
compriset.eastafirstandasecondsub^^ 

method further inciudes contacting the array with the samp.e, such that the target analyte bndso a « 
.east one of the bioactive agents and detecting the presence of the target ana.yte. .n a preferred 
2 o embodiment the target analyte is labeled. 

,n addition the invention provides a method of detecting a target ana.yte in a sample comprising 
providing an array comprising a substrate wfth a surface comprising discrete sites compns.ng 
a.ternative.y shaped we..s and a popu.ation of microspheres distributed on the substra*. The 
microspheres comprise at .east a first and a second subpopu.ation each compris-ng a different 
bioactive agent. The method further includes contacting the array w^ the samp.e, such *at th 
target analyte binds to at least one of the bioactive agents and detecting the presence of the target 



25 



30 



analyte. 



,n addition the invention provides a method of detecting a target analyte in a samp.e cornpnsmg 
providing a substrate with a surface comprising a. least first and second discrete srtes and a 
portion of microspheres distributed on the substrate, wherein th^ 

Ltandasecondsubpopulation each comprising a different bioactive agent, contacting the substrate 
«h the sample, such that the target analyte binds to at .east one of the bioactive agent. The 
invention further includes coo,ing the substrate to at least be.ow room temperature and detec^ng a 
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BRIEF DESCRIPTIONS OF THE FIGURES 

Rgure 1 *** «. average - «— «— * a suKrt °* te " ds lma9ed *" Pr0,dma ' 
and distal en* of a randomly assembled Boer optic anay. 

Hgure 2 dep«s signals and backgrounds .cm fluorescent beads ,n palladlunvcpated vs. uncated 
5 mtcrowen array Fluorescence image of 

to background of 28.78). 

Figure 3 depicts microspheres deposed in wells with concave shaped bottoms. 

■ , «Hn,* from beads distributed in wells of va^ing shapes, a) depicts standard 

depicts rounded well 

Rg u,e 5 de P icts the signaling ofthe same batch ofdyed beads assembled into M 

different shapes. 

15 Figure « depicts variation of hybridization signal as a function of well shape. 

collected from a bead in that well. 

• „ r *nh nf a silica bead distributed in a star-shaped well. The bead is 

20 thebeadisunhlndered.fr.ef.om contactwiththewellsubstrate. 

Figure 8 d.p«s Intensity variation between dyed beads In wells vs. on adjacent «a, surfaces. 

transducer, such as fluorescence, changes resulting In a changed signal. 

r „ ,0 deotets an analytical method for detecting an unlabeled target analyte. Upon binding of the 
."the signal Jnsduce, such as fluorescence, changes resu,«ng In a Ranged s,n„. 
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Figure 1 1 depicts an analytical method for detecting an unlabeled target analyte. An unlabeled 
analyte binds to a recognition sequence of a bioactive agent The bioactive agent is bound to the 
bead by associating with a generic tag on the signal transducer that is attached to the bead. Upon 
binding of the target analyte to the bioactive agent, a property of the signal transducer, such as 
fluorescence, changes resulting in a changed signal. 

figure 12 depicts signal intensity of beads that have been exposed to cold temperatures. 

Figure 1 3 depicts a method of background subtraction for identifying the location of a bead in an array 
without the use of labeled beads. Figure 13A: Shows a zoomed in image of an Bead Array™ taken 
as described in this invention where one of the cores has a bead present (A) and appears relative* 
dimmer than other empty cores in the array. Figure 13B: Shows the same Bead Array- after 
hybridization to a fluorescent labeled oligonucleotide complement demonstrating that the core has a 
bead present. 

Figure 14 depicts a schematic of a reflective film or coating scenario for bottom-coating a substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to the use of randomly ordered arrays comprising a bead-based 
analytic chemistry system in which beads, also termed microspheres, carrying different chemical 
functionates are distributed on a substrate comprising a patterned surface of discrete sftes that can 
bind the ind^ual microspheres. The beads are general* put onto the substrate randomly. Le. each 
bead goes down arttfrariry or indiscriminately on to a site. Thte allows the synthesis of the cand,date 
agents {1 e compounds such as nucleic acids and antibodies) to be dfcorced from their placement on 
an array i e. the candidate agents may be synthesized on the beads, or on a different substrate and 
then put onto the beads, and then the beads are randomly distributed on a patterned surface. 

However, the random placement of the beads means that all or part of the array must be "decoded" 
after synthesis; that is, after the array h made, a correlation of the location of an indrvidual srte on the 
array with the bead or candidate agent at that particular site can be made. This encoding/decodmg 
can be done in a number of ways, as is generally described in 60/090,473; 09/189,543; 08/944,850; 
08/818 199- 09/151,877; and 08/851,203, all of which are hereby expressly incorporated by reference 
in their entirety These methods include: (1) "encoding" the beads with unique optical s.gnatures. 
generally fluorescent dyes, that can be used to identify the chemical functionality on any part.cu.ar 
bead- (2) using a decoding binding ligand (DBL), generally directly labeled, that binds to either the 
bioactive agent or to identifier binding Hgands (IBLs) attached to the beads; (3) the use of postal 
decoding, for example by erther targeting the placement of beads (for example by usmg 
photoactivatible or photocleavable moieties to allow the selective addition of beads to particular 
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either piiM to or alter addition ot a target analyte. 

TOs meanstM„h. beads ma, be random,, debuted « *• array,a,as,and,ne*per«,e process 
as compared to eHhe, the «i situ synthesis or spoMng techniques of the pnor art. 

Once the Kb* <L». «« °' "* mto<,SPhere ' n T "^L 

«"eZed.o samp.es - »*ed be,™, «v,s can be 

i "III,, opined below, and results in a chance in an op«ea, sfcna, a pabular bead. 

The present Mention Is directed to compositions and methods that improve signal detec.cn or assay 

— ;r:rr:zrrr. r-isr 

be distributed in the well. 

,„ an a»emaft,e embodunent, me invenaon is directed to a composiacn comprising a substrate that 
as I 0, dimmed aut o-«uoresce„ce Carafes. ,„ sddMon, the inventon 
I „. „„,„uo,escen, coafcngs on «, substrate to reduce subsume fluorescence. In addfton, * 
12 includes a composiuon coning a ,e«ee*. substrate. The re fl e*e propels m be 
. . „ , a ..iK.lf ormavbetheresultolar e nectlvecoalingonlh.subst™te. Incne 

Accordingly me present in.en.on proves random ana, composite, compus*, a, leas, a «rst 
"1 a Lace coning IndMdua, *s. By Worn- an., herein is mean, an «, M . 
manufsictured under condttions thai results in (he identification of the agent in at least some, if not all. 

L array in a generally non-reprodudble manner. Who, k important k random ana,., and « 

ler* slat "decoding- s,eps ,ha, produce date images that must be compared. In add*.n. 

Tdireced ,o J use ., arrays comprise microspheres that are la* down random* on a surface 

arrays. i.e. ,hose no, confining beads, may also ttflize me methods c, the tventon. 
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B» -array- herein * mean, a pluralit, of candidate agents in an a.,a» format the size of the array w,ll 
depend on the composition and end use ot the array. Amrys containing from about 2 different 
bioadive agents <L.. different beads) to many millions can be made. w«h yery large fiber optic arrays 
being possible. Generally, the array - compose from two to as many as a bnlion or more, depending 
on me *. o, fhe beads and the subs»ate. as we,, as the end use o.the array, thus ,e,y high densrt, 
biahdensity moderate density, low density and yery low density arrays may be made. Preferred 

2 000 000,000. with from about 100.000.000 to about 1 .000.000,000 being preferred. Hf* dens* 
arZ range about 100.000 to about 1 0.000.000. w* from about 1 .000.000 to about 5.000.000 being 

particular,, preferred, and from about 20.000 to about 50.000 being aspect,,,, preferred. Low den «y 
rjXareless ft a„1.000.-, ft omabou,10fo.bou,1000be,gp,e.erted.and „om about 

may no, be in array format .hat is, for some embedments, compositions compnang a 

lot may be mad. as well. In add*on. in some arrays, multiple sulfates may be used, e<he, o 

composes. Thus ,o, example, large arrays may compose a ptura,*, ofsmallor 

substrates. 

technology, exlremely high d.ns«y arrays can be made. Thus ,0, example, because beads of 2 m 

have a many as 40.000 or more (in some instances. 1 million) different fibers and beads ,n a 1 mm 
nbe, optic bundle. w«h densrUes of greater than 25.000.000 indMdua, beads and fibers (agarn. ,n 
some instances as many as 100 million) per 0.5 cm' obtainable. 

B, -substtate- c, -sol* support' or other grammatical events here* rs mean, any materia, that 
I be modified to contein discrete IndMdua, sites appropriate for the attachment o, essoin o 

the number o, possible subsfrates is yery large. Possibte substrates include, but are no. „m ed to. 
gtass and modified or functionated glass, plastics (including acrylics, polystyrene and copolymers of 
"o*e, mated,., potypropyiene. po,»eth,ene. po„bu1»,.ne. po*.rethane, T.Oon ». ete.,, 
poiysaccandes. nylon 0, n..oce„u,ose. resins, silica or siiiea-based materials M*. 
mcled silicon, carbon, metals, inorganic glasses, plastics, optica, «ber bundles, and a yanet, of 
other powers, in genera,, the substtates allow op«ca, detection and do notthemseWes apprec*!, 
fluoresce. 

Generally the substrate is flat (planar), although as rid be appreciated by those in the art. other 
configurations of substrates may be used as well; for example, three dimensional conf.gurat.ons can 
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be used for example by embedding the beads in a porous block of plastic that allows sample access 
to the beads and using a confocal microscope for detection. Similarly, the beads may be placed on 
the inside surface of a tube, for flow-through sample analysis to minimize sample volume. Preferred 
substrates include optical fiber bundles as discussed below, and flat planar substrates such as glass, 
polystyrene and other plastics and acrylics. 

h a preferred embodiment the substrate is made of a substance with low intrinsic fluorescence. That 
is one of the primary sources of background in microarray systems is the intrinsic fluorescence of the 
array substrate. Accordingly, a substrate material as described above that is opaque i.e. black, has 
reduced intrinsic fluorescence and is a preferred substrate. Wrthout being bound by theory, rt ,s 
thought thatthe reduced fluorescence is a result of efficient light absorption by the matenal. 

In one embodiment, the substrate may be coated with a materia, that has reduced or diminished 
intrinsic fluorescence properties. That is, in this embodiment the fluorescence of the substrate .s 
maskedorcoveredbytheapplicationofa non-flourescent covering. The .billy toanplyanon- 
fluorescent coating over a patterned substrate may obviate the need to use materials wfth ,ntnn Sl ca..y 
,ow fluorescence, thereby broadening the scope of the materials available for generating an array. As 
depicted in Figure 2, a thin palladium film coated on an array surface increased or improved s,gna»-to- 
background ratios. 

An addfiona. benefit to coating a microarray substrate materia, is that it becomes more efficient at 
agna. collection as a result of signal reflection. That is, the optica, signal of the bead rtse.f « reflected 
thereb y increasingthe S ignalofthebead(s). There are a variety of coatings that find luse .n th,s 
invention. These include but are not limited to gold, silver, chromium, platinum or indium tin ox.de. 

,„ one embodiment, the substrate contains two surfaces. That is, for example, a fiber optic bundle 
contains a proximal and a distal end or a planar substrate contains a top and a bottom surface. 
Accordingly, in one embodiment, a reflective coating is applied to the surface that contains the d,screte 
sites or wells. Alternatively, the reflective coating is applied to the surface of the substrate that does 
not contain the discrete sites or wells. 

For example, when microspheres are distributed in the distal end of a fiber optic bundle, the reflective 
coating is applied to the proximal end. That is. the proximal surface of the fiber-optic based array 
instead of the distal end contains the reflective coating. 

In an alternative embodiment, the substrate is a planar substrate, such as a slide or chip. In this 
embodiment, discrete *» or we.ls are in one surface of the substrate while the reflective coating . 
applied to the other surface. In a preferred embodiment, the substrate is transparent. 
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By coating the surface of the substrate that is opposite to the surface to which microspheres are to be 
distributed, the retention of beads in the wells may be improved. That is, an advantage of coating the 
"bottom" of the substrate is that microwell array surface is not compromised by the coating procedure. 
By "bottom" surface is meant that surface of a substrate that is opposite to the side upon which 
microspheres are distributed. 

As demonstrated in Figure 14. a reflective coating applied to the bottom of a substrate sen/es to 
recycle the light from both the microspheres and the excitation source. 

In one embodiment the coating applied to the surface is a dielectric coating. In an alternative 
embodiment, the coating selectively absorbs certain wavelengths. 

In an alternative embodiment, the surface of a substrate is rendered reflective by generating or 
treating it in such a way as to create a very smooth finish. That is. if the well interior surface becomes 
rough such that it is not reflective, it may be necessary to treat the array in a manner, such as gentle 
and/or partial melting by processes as are known in the art, to return the glossy or reflective finish to 
the substrate. 

In an alternative embodiment, reflective coatings on the substrate are not required. In this 
embodiment, the substrate contains wells that are concave in shape. Wells are shaped as is known in 
the art by such methods as etching, imprinting, stamping, ablating and the like. As such, the concave 
wells act as mirrors at the bottom of each well (Figure 3) to reduce undesirable background light. 
Such a well design not only re-directs stray excitation light back to the bead to generate additional 
fluorescence, but it also would reflect fluorescence emission form the bead back into the collection 
optics for improved signal collection. 

In addition, as is more fully outlined below, the substrate may include a coating, edging or sheath of 
material, generally detectable, that defines a substrate edge that may serve as one or more fiducials. 

In a preferred embodiment, the substrate is an optical fiber bundle or array, as is generally described 
in U.S.S.N.s 08/944,850 and 08/519,062, PCT US98/05025. and PCT US98/09163. all of which are 
expressly incorporated herein by reference. Preferred embodiments utilize preformed unitary fiber 
optic arrays. By "preformed unitary fiber optic array" herein is meant an array of discrete individual 
fiber optic strands that are co-axially disposed and joined along their lengths. The fiber strands are 
generally individually clad. However, one thing that distinguished a preformed unitary array from other 
fiber optic formats is that the fibers are not individually physically manipulatable without intentionally 
treating the preformed unitary array with agents that separate them, for example treating a preformed 
array susceptible to acid with an acid such that the interstitial material is etched and thus the individual 
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cores can be separated. However, absent these intentional treatments, one strand generally cannot 
be physically separated at any point along its length from another fiber strand. 

At least one surface of the substrate is modified to contain discrete, individual sites for later 
association of microspheres. These sites may also be referred to in some embodiments as "features". 
These sites may comprise physically altered sites, i.e. physical configurations such as wells or small 
depressions in the substrate that can retain the beads, such that a microsphere can rest in the well, or 
the use of other forces (magnetic or compressive), or chemically altered or active sites, such as 
chemically functionalized sites, electrostatically altered sites, hydrophobically/ hydrophilically 
functionalized sites, spots of adhesive, etc. 

The sites may be a pattern, i.e. a regular design or configuration, or randomly distributed. A preferred 
embodiment utilizes a regular pattern of sites such that the sites may be addressed in the X-Y 
coordinate plane. "Pattern" in this sense includes a repeating unit cell, preferably one that allows a 
high density of beads on the substrate. However, it should be noted that these sites may not be 
discrete sites. That is, it is possible to use a uniform surface of adhesive or chemical functionalities, 
for example, that allows the attachment of beads at any position. That is, the surface of the substrate 
is modified to allow attachment of the microspheres at individual sites, whether or not those sites are 
contiguous or non-contiguous with other sites. Thus, the surface of the substrate may be modified 
such that discrete sites are formed that can only have a single associated bead, or alternatively, the 
surface of the substrate is modified and beads may go down anywhere, but they end up at discrete 
sites. 

In a preferred embodiment, the surface of the substrate is modified to contain wells, i.e. depressions in 
the surface of the substrate. This may be done as is generally known in the art using a variety of 
techniques, including, but not limited to, photolithography, stamping techniques, molding techniques 
and microetching techniques. As will be appreciated by those in the art, the technique used will 
depend on the composition and shape of the substrate. 

In a preferred embodiment, the wells of the substrate are shaped in discrete shapes. That is, the 
shape of the wells is distinct from the shape obtained by etching acid-soluble cores of an optical fiber 
as described in U.S.S.N. 09/151,877, and U.S.P.N. 6,023,4540, both of which are hereby expressly 
incorporated by reference. That is, the wells are non-cylinder shapes. Wells in a microarray format 
can be custom designed in size, shape, depth and profile to improve assay performance and/or signal 
output. Improvements can be realized throughout the various stages of an assay as described below, 
including enhanced fluorescence signal collection, better filling efficiency and bead retention, reduced 
inter-element cross-talk and improved hybridization kinetics. 
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Wells can be manufactured in an array through well-established microfabrication techniques as 
described herein and as are known in the art. 

As described in detail in U.S.S.N. 09/1 51 ,877, and U.S.P.N. 6,023,4540, both of which are hereby 
expressly incorporated by reference, wells in a fiber optic bundle are formed by etching acid-soluble 
cores of a circular optical fiber. However, it is possible that the vertical wall of the well that results from 
the etching may not be optimal for direct imaging (Figure 4a). By direct imaging is meant d>rectly 
imaging a microsphere in an array as opposed to imaging the microsphere through the opposite end 
of an optical fiber. Accordingly, in one embodiment, the invention provides a substrate with alternate 
well shapes. The well shapes may include a sloped or more gradual wall angle (Figure 4B), or a 
rounded wall or rounded interior configuration, i.e. a partial spherical configuration (Rgure 4C) may be 
U sed In some embodiments, it is thought that the alternative well shapes results in a larger area of 
the bead that is accessible for optical interrogation resulting in increased signal sensrtvty. 

>n an additional embodiment the wells are shaped in different geometric shapes. By different 
geometric shapes is meant a shape other than circular. These include but are not limited to a square, 
hexagon, star, triangle, pentagon or octagon. Signal intensrty of beads distributed in differently shaped 
wells is depicted in Figure 5. Different hybridization signals of beads in different shaped wells .s 
depicted in Figure 6. As shown in Figures 5 and 6, well shape has a significant on the quantrty of 
fluorescence that collected from a bead in a well. That is. for example, star-shaped wells allowed 
for increased signal detection compared to other shapes examined. Without being bound by theory, .t 
is thought thatthis result is a consequence of the manner in which a bead rests wrthin a star-shaped 

well. 

As shown in Figure 7, the bead contacts the star-shaped well circumferential at essentially four 
points By reducing the amount of contact area between the bead and the substrate, increased signal 
output from the bead is observed. That is, when a bead rests tightly in a spherical well, it is thought 
that emission fluors in the bottom half of the bead are not easily detected. One reason for this may be 
an increased absorbance of the fluors by the substrate. This results in reduced signal collection by the 
optical detection system. Accordingly, by reducing the contact area between the bead and the 
substrate, increased signal output or detection is observed from the array. 

,„ addition, by distributing beads in geometrically shaped wells i.e. star-shaped, improved hybridization 
efficiency is observed as shown in Figure 6. That is, for example, with star-shaped wells, the areas of 
the well that are not in contact with the bead, serve as channels or inlets for the sample solut.cn to 
interact with the beads or substances i.e. bioactive agents or oligonucleotide probes, on the beads. 
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Accordingly, in one embodiment the invention provides a method of increasing signal output from an 
array. The method includes providing a substrate with a plurality of alternatively shaped wells, 
distributing labeled microspheres in the wells and imaging the array. 

In an additional embodiment the invention provides for method of decreasing the contact area 
between a bead and a substrate. The rest of the bead, therefore, is free from contact with the 
substrate allowing for increased bead surface area that can contact assay solutions. 

,n a preferred embodiment, physical alterations are made in a surface of the substrate to produce the 
sites In a preferred embodiment, the substrate is a fiber optic bundle and the surface of the substrate 
is a terminal end of the fiber bundle, as is generally described in 08/818,1 99 and 09/1 51 ,877. both of 
which are hereby expressly incorporated by reference. In this embodiment, wells are made ,n a 
terminal or distal end of a fiber optic bundle comprising individual fibers. In this embodiment, the 
cores of the individual fibers are etched, with respect to the cladding, such that small wells or 
depressions are formed at one end of the fibers. The required depth of the wells will depend on the 
size of the beads to be added to the wells. 

Generally in this embodiment, the microspheres are non-cova.ently associated in the wells, although 
the wells may additionally be chemically functional as is generally described below, cross-l.nk.ng 
agents may be used, or a physical barrier may be used, i.e. a film or membrane over the beads. 

In a preferred embodiment, the surface of the substrate is modified to contain chemically modified 
sites that can be used to attach, either covalently or non-covalently. the microspheres of the invention 
to the discrete sites or locations on the substrate. 'Chemically modified sites" in this context .nc.udes. 
but is not limited to. the addition of a pattern of chemical functional groups including ammo groups, 
carboxy groups, oxo groups and thiol groups, that can be used to covalently attach microspheres, 
which generally also contain corresponding reactive functional groups; the addrfion of a pattern of 
adhesive that can be used to bind the microspheres (etther by prior chemical functionalizafcon for the 
addition of the adheswe or direct addition of the adhesive); the addition of a pattern of charged groups 
(similar to the chemical functionalities) for the electrostatic attachment of the microspheres. ..e. when 
the microspheres comprise charged groups opposite to the sites; the addition of a pattern of chemical 
functional groups that renders the sites differentially hydrophobic or hydrophilic, such that the addrt.cn 
of similarly hydrophobic or hydrophilic microspheres under suitable experimental conditions w,ll result 
in association of the microspheres to the sites on the basis of hydroaffinity. For example, the use of 
hydrophobic sites with hydrophobic beads, in an aqueous system, drives the association of the beads 
preferentially onto the sites. As outlined above, "pattern" in this sense includes the use of a unrform 
treatment of the surface to allow attachment of the beads at discrete sites, as well as treatment of the 
surface resulting in discrete sites. As will be appreciated by those in the art. this may be accomphshed 
in a variety of ways. 
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In a preferred embodiment, the compositions of the invention further comprise a population of 
microspheres. By "population" herein is meant a plurality of beads as outlined above for arrays. 
Within the population are separate subpopulations, which can be a single microsphere or multiple 
identical microspheres. That is, in some embodiments, as is more fully outlined below, the array may 
contain only a single bead for each bioactive agent; preferred embodiments utilize a plurality of beads 
of each type. 

By "microspheres" or "beads" or "particles" or grammatical equivalents herein is meant small discrete 
particles. The composition of the beads will vary, depending on the class of bioactive agent and the 
method of synthesis. Suitable bead compositions include those used in peptide, nucleic acid and 
organic moiety synthesis, including, but not limited to, plastics, ceramics, glass, polystyrene, 
methylene, acrylic polymers, paramagnetic materials, thoria sol, carbon graphited, titanium dioxide, 
latex or cross-linked dextrans such as Sepharose, cellulose, nylon, cross-linked micelles and teflon 
may all be used. "Microsphere Detection Gufcfe" from Bangs Laboratories, Fishers IN is a helpful 
guide. 

The beads need not be spherical; irregular particles may be used. In addition, the beads may be 
porous, thus increasing the surface area of the bead available for either bioactive agent attachment or 
tag attachment. The bead sizes range from nanometers, i.e. 100 nm, to millimeters, i.e. 1 mm. with 
beads from about 0.2 micron to about 200 microns being preferred, and from about 0.5 to about 5 
micron being particularly preferred, although in some embodiments larger or smaller beads may be 
used. 

• " It should be noted that a key component of the invention is the use of a substrate/bead pairing that 
allows the association or attachment of the beads at discrete sites on the surface of the substrate, 
such that the beads do not move during the course of the assay. 

Each microsphere comprises a bioactive agent, although as will be appreciated by those in the art, 
there may be some microspheres which do not contain a bioactive agent, depending the on the 
synthetic methods. By "candidate bioactive agent" or "bioactive agent" or "chemical functionality" or 
■binding ligand" herein is meant as used herein describes any molecule, e.g., protein, oligopeptide, 
small organic molecule, coordination complex, polysaccharide, polynucleotide, etc. which can be 
attached to the microspheres of the invention. It should be understood that the compositions of the 
invention have two primary uses. In a preferred embodiment, as is more fully outlined below, the 
compositions are used to detect the presence of a particular target analyte; for example, the presence 
or absence of a particular nucleotide sequence or a particular protein, such as an enzyme, an antibody 
or an antigen. In an alternate preferred embodiment, the compositions are used to screen bioactive 
agents, i.e. drug candidates, for binding to a particular target analyte. 
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Bioactive agents encompass numerous chemical classes, though typica.ly they are organic molecules, 
preferably small organic compounds having a molecular weight of more than 1 00 and .ess than about 
2 500 daltons. Bioactive agents comprise functional groups necessary for structural interaction wrth 
proteins, particularly hydrogen bonding, and typically include at least an amine, carbonyl, hydroxy, or 
carboxy. group, preferably at least two of the functional chemical groups. The bioactive agents often 
comprise cyclical carbon or heterocyclic structures and/or aromatic or polyaromatic structures 
substituted wrth one or more of the above functional groups. Bioactive agents are also found among 
biomolecules including peptides, nucleic acids, saccharides, fatty acids, steroids, purines, pynn.d.nes, 
derivatives, structural analogs or combinations thereof. Particu.arly preferred are nucleic acds and 



proteins. 



Bioactive agents can be obtained from a wide variety of sources including libraries of synthetic or 
natural compounds. For example, numerous means are available for random and directed synthes,s 
of a wide variety of organic compounds and biomolecu.es, including expression of random^d 
oligonucleotides. Alternatively, libraries of nature, compounds in the form of bacterial, fungal, plant 
and animal extracts are avai.ab.e or readily produced. Add.ona.ly, natural or synthetically produce 
nbraries and compounds are readily modified through conventional chemical, phys, C a. and b.ochem.ca. 
means. Known pharmaco.ogica. agents may be subjected to directed or random cr.em.ca. 
modifications, such as acylation. action, esterification and/or amidification to produce structural 



analogs. 



,„ a preferred embodiment, the bioactive agents are proteins. By "protein" herein is meant at leasttwo 
covalently attached amino acids, which includes proteins, polypeptides, oligopeptides and peptides. 
The protein may be made up of naturally occurring amino acids and peptide bonds, or synthetic 
peptidomimetic structures. Thus "amino acid", or "peptide residue", as used herein means both 
natural* occurring and synthetic amino acids. For example, heme-phenylalanine, crtru.hne and 
norleucine are considered amino acids for the purposes of the invention. The side chains may be ,n 
erther the (R) or the (S) configuration. In the preferred embodiment, the amino acids are „ the (S) or 
L-configuration. If non-natura.ly occurring side chains are used, non-amino acid substituents may be 
used, for example to prevent or retard in vivo degradations. 

I„ one preferred embodiment, the bioactive agents are naturally occurring proteins or fragments of 
naturally occurring proteins. Thus, for example, ce..u.ar extracts containing proteins, or random or 
directed digests of proteinaceous cetiu.ar extracts, may be used. In this way libraries of preoptic 
and eukaryotic proteins may be made for screening in the systems described herein. Particularly 
preferred in this embodiment are libraries of bacterial, fungal, viral, and mammalian prote,ns, wrth the 
latter being preferred, and human proteins being especially preferred. 
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In a preferred embodiment the bioactive agents are peptides of from about 5 to about 30 amino 
acids with from about 5 to about 20 amino acids being preferred, and from about 7 to about 15 being 
particularly preferred. The peptides may be digests of naturally occurring proteins as is outlined 
above random peptides, or "biased" random peptides. By "randomized" or grammatical equivalents 
herein'is meant that each nucleic acid and peptide consists of essentially random nucleotides and 
amino acids, respectively. Since generally these random peptides (or nucleic acids, discussed below) 
are chemically synthesized, they may incorporate any nucleotide or amino acid at any posrt.cn. The 
synthetic process can be designed to generate randomized proteins or nucleic acids, to allow the 
formation of all or most of the possible combinations over the length of the sequence, thus form.ng a 
library of randomized bioactive proteinaceous agents. 

In a preferred embodiment, a library of bioactive agents are used. The library should provide a 
sufficiently structurally diverse population of bioactive agents to effect a probabilistically sufficient 
range of binding to target analytes. Accordingly, an interaction library must be large enough so that at 
least one of its members will have a structure that gives it affinity for the target analyte. Although rt « 
difficult to gauge the required absolute size of an interaction library, nature provides a hint with the 
immune response: a dfcersity of 1 OMO 8 different antibodies provides at least one combinaton wrth 
sufficient affinity to interact with most potential antigens faced by an organism. Published ,n vrtro 
section techniques have also shown that a library sfce of 10' to 1 0- is sufficient to find structures with 
affinity for the target. Thus, in a preferred embodiment, at least 10". preferably at least 10', more 
preferably at least 10° and most preferably at least 10 9 different bioactive agents are simultaneously 
analyzed in the subject methods. Preferred methods maximize library size and diversrty. 

|„ a preferred embodiment, the library is fully randomized, with no sequence preferences or constants 
at any position. In a preferred embodiment, the library is biased. That is. some posrtions with.n the 
sequence are either held constant, or are selected from a limited number of possibilit.es. For 
example in a preferred embodiment, the nucleotides or amino acid residues are randomized wrth.n a 
defined class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased (ether 
small or large) residues, towards the creation of cysteines, for cross-linking, prolines for SH-3 
domains, serines, threonines, tyrosines or histidines for phosphorylation sites, etc.. or to punnes, etc. 

In a preferred embodiment, the bioactive agents are nucleic acids (generally called "probe nucleic 
acids' or 'candidate probes" herein). By "nucleic acid" or "oligonucleotide" or grammatical equ.valents 
herein means at least two nucleotides covalently linked together. A nucleic acid of the present 
invention will generally contain phosphodiester bonds, although in some cases, as outlined below, 
nucleic acid analogs are included that may have alternate backbones, comprising, for example, 
phosphoramide (Beaucage, etal., Tetrahedron, 49(10):1925 (1993) and references therein; Letsmger, 
JOrq .Chem . 35:3800 (1970); Sprinzl, et a/., Eur. J. Biochem., 81:579 (1977); Letsinger, et a/., NucK 
AcidsRes 14-3487 (1986); Sawai, ef a/., Chem. Lett, 805 (1984). Letsinger, et a/., J. Am. Chem. 
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Soc n o:4470 (1988); and Pauwels, et a/., Chemica Scripta , 26:141 (1986)), phosphorothioate (Mag, 
e7a~l., Nndeic Acids Res. . 19:1437 (1991); and U.S. Patent No. 5,644,048), phosphorodithioate (Briu, 
etal., -l Am. Chem. Soc . 111:2321 (1989)), O-methylphophoroamidite linkages (see Eckstein, 
Oligonucleotides and Analogues: A Practical Approach, Oxford University Press), and peptide nucleic 
acid backbones and linkages (see Egholm, J. Am. Chem. Soc, 114:1895 (1992); Meier, etal., Chem, 
Int. Ed. Enol. . 31:1008 (1992); Nielsen. Nature . 365:566 (1993); Carlsson, etal., Nature, 380:207 
(1996), all of which are incorporated by reference)). Other analog nucleic acids include those with 
positive backbones (Denpcy, era/., p™ Natl. Acad. Sci. USA. 92:6097 (1995)); non-ionic backbones 
(U.S. Patent Nos. 5,386,023; 5,637,684; 5,602,240; 5,216,141; and 4,469,863; Kiedrowshi, etal., 
Ann B w. Chem. Intl. Ed. English . 30:423 (1991); Letsinger, etal., J. Am. Chem. Soc, 110:4470 (1988); 
Letsinger. etal., Nucleosides & Nucleotides, 13:1597 (1994); Chapters 2 and 3, ASC Symposium 
Series 580. "Carbohydrate Modifications in Antisense Research', Ed. Y.S. Sanghui and P. Dan Cook; 
Mesmaeke'r. etal., Romanic & Medicinal Chem. Lett. . 4:395 (1994); Jeffs, ef a/., J. Biomolecular 
NMR, 34:17 (1994); Tetrahedron Lett., 37:743 (1996)) and non-ribose backbones, including those 
described in U.S. Patent Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7. ASC Symposium 
Series 580, "Carbohydrate Modifications in Antisense Research", Ed. Y.S. Sanghui and P. Dan Cook. 
Nucleic acids containing one or more carbocyclic sugars are also included within the definition of 
nucleic acids (see Jenkins, et al, Chem. Soc Rev.. (1995) pp. 169-176). Several nucleic acid analogs 
are described in Rawls, C & E News, June 2, 1997, page 35. All of these references are hereby 
expressly incorporated by reference. These modifications of the ribose-phosphate backbone may be 
done to facilitate the addition of additional moieties such as labels, or to increase the stability and half- 
life of such molecules in physiological environments; for example, PNA is particularly preferred. In 
addition, mixtures of naturally occurring nucleic acids and analogs can be made. Alternatively, 
mixtures of different nucleic acid analogs, and mixtures of naturally occurring nucleic acids and 
analogs may be made. The nucleic acids may be single stranded or double stranded, as specified, or 
contain portions of both double stranded or single stranded sequence. The nucleic acid may be DNA, 
both genomic and cDNA, RNA or a hybrid, where the nucleic acid contains any combination of 
deoxyribo- and ribo-nucleotides, and any combination of bases, including uracil, adenine, thymine, 
cytosine, guanine, inosine, xanthanine, hypoxanthanine, isocytosine, isoguanine, and base analogs 
such as nitropyrrole and nitroindole, etc 

As described above generally for proteins, nucleic acid bioactive agents may be naturally occurring 
nucleic acids, random nucleic acids, or "biased" random nucleic acids. For example, digests of 
procaryotic or eukaryotic genomes may be used as is outlined above for proteins. 

In general, probes of the present invention are designed to be complementary to a target sequence 
(either the target analyte sequence of the sample or to other probe sequences, as is described 
herein), such that hybridization of the target and the probes of the present invention occurs. This 
complementarity need not be perfect; there may be any number of base pair mismatches that will 
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interfere with hybridization between the target sequence and the single stranded nucleic acids of the 
present invention. However, if the number of mutations is so great that no hybridization can occur 
under even the least stringent of hybridization conditions, the sequence is not a complementary target 
sequence. Thus, by "substantially complementary" herein is meant that the probes are sufficiently 
complementary to the target sequences to hybridize under the selected reaction conditions. High 
stringency conditions are known in the art; see for example Maniatis et al., Molecular Cloning: A 
Laboratory Manual, 2d Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al., 
both of which are hereby incorporated by reference. Stringent conditions are sequence-dependent 
and will be different in different circumstances. Longer sequences hybridize specifically at higher 
temperatures. An extensive guide to the hybridization of nucleic acids is found in Tijssen, Techniques 
in Biochemistry and Molecular Biology-Hybridization with Nucleic Acid Probes, "Overview of principles 
of hybridization and the strategy of nucleic acid assays" (1 993). Generally, stringent conditions are 
selected to be about 5-1 0'C lower than the thermal melting point (TJ for the specific sequence at a 
defined ionic strength P H. The T m is the temperature (under defined ionic strength, P H and nucleic 
acid concentration) at which 50% of the probes complementary to the target hybridize to the target 
sequence at equilibrium (as the target sequences are present in excess, at T m . 50% of the probes are 
occupied at equilibrium). Stringent conditions will be those in which the salt concentration is less than 
about 1 0 M sodium ion, typically about 0.01 to 1 .0 M sodium ion concentration (or other salts) at pH 
7 0 to 8 3 and the temperature is at least about 30'C for short probes (e.g. 1 0 to 50 nucleotides) and at 
least about 60'C for long probes (e.g. greater than 50 nucleotides). Stringent conditions may also be 
achieved with the addition of destabilizing agents such as formamide. In another embodiment, less 
stringent hybridization conditions are used; for example, moderate or low stringency conditions may be 
used, as are known in the art; see Maniatis and Ausubel, supra, and Tijssen, supra. 

The term target sequence" or grammatical equivalents herein means a nucleic acid sequence on a 
single strand of nucleic acid. The target sequence may be a portion of a gene, a regulatory sequence, 
genomic DNA cDNA, RNA including mRNA and rRNA. or others. It may be any length, with the 
understanding that longer sequences are more specific. As will be appreciated by those in the art, the 
complementary target sequence may take many forms. For example, ft may be contained wrthm a 
larger nucleic acid sequence, i.e. all or part of a gene or mRNA, a restriction fragment of a plasm.d or 
genomic DNA, among others. As is outlined more fully below, probes are made to hybridize to target 
sequences to determine the presence or absence of the target sequence in a sample. Generally 
speaking, this term will be understood by those skilled in the art. 

In a preferred embodiment, the bioactive agents are organic chemical moieties, a wide variety of which 
are available in the literature. 

In a preferred embodiment, each bead comprises a single type of bioactive agent, although a plurality 
of individual bioactive agents are preferably attached to each bead. Similarly, preferred embodiments 
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utilize more than one microsphere containing a unique bioactive agent; that is, there is redundancy 
built into the system by the use of subpopulations of microspheres, each microsphere in the 
subpopulation containing the same bioactive agent. 

As will be appreciated by those in the art, the bioactive agents may either be synthesized directly on 
the beads or they may be made and then attached after synthesis. In a preferred embod.ment, 
linkers are used to attach the bioactive agents to the beads, to allow both good attachment, sufficient 
flexibility to allow good interaction with the target molecule, and to avoid undesirable binding reactions. 

,n a preferred embodiment, the bioactive agents are synthesized directly on the beads. As is known in 
the art many classes of chemical compounds are currently synthesized on solid supports, such as 
peptides, organic moieties, and nucleic acids. It is a relatively straightforward matter to adjust the 
current synthetic techniques to use beads. 

in a preferred embodiment, the bioactive agents are synthesized first, and then covalently attached to 
the beads As will be appreciated by those in the art. this will be done depending on the composition 
of the bioactive agents and the beads. The functionalization of solid support surfaces such as certa.n 
polymers with chemically reactive groups such as thiols, amines, carboxyls, etc. is generally known ,n 
the art Accordingly, "blank" microspheres may be used that have surface chemistries that faclrtate 
the attachment of the desired functionality by the user. Some examples of these surface chemistnes 
for blank microspheres include, but are not limited to, amino groups including aliphatic and aromatic 
amines, carboxylic acids, aldehydes, amides, chloromethyl groups, hydrazide. hydroxyl groups, 
sulfonates and sulfates. 

These functional groups can be used to add any number of different candidate agents to the beads, 
generally using known chemistries. For example, candidate agents containing carbohydrates may be 
attached to an amino-functionalized support; the aldehyde of the carbohydrate is made using standard 
techniques and then the aldehyde is reacted with an amino group on the surface. In an alternative 
embodiment, a sulfhydry. linker may be used. There are a number of sulfhydnrt reactive linkers known 
in the art such as SPDP. ma.eimides, a-haloacetyls, and pyridy. disulfides (see for example the 1994 
Pierce Chemical Company catalog, technical section on cross-linkers, pages 1 55-200, incorporated 
herein by reference) which can be used to attach cysteine containing proteinaceous agents to the 
support. Alternatively, an amino group on the candidate agent may be used for attachment to an 
amino group on the surface. For example, a large number of stable Afunctional groups are well 
known in the art. including homobifunctional and heterobifunctional linkers (see Pierce Catalog and 
Handbook pages 1 55-200). In an additional embodiment, carboxy. groups (either from the surface or 
from the candidate agent) may be derivatized using well known linkers (see the Pierce catalog). For 
example carbodiimides activate carboxyl groups for attack by good nucleophiles such as amines (see 
Torcnilin et al.. *~ Therapeutic Drug Carrier Syste ms, 7(4):275-308 (1991). expressly 
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incorporated herein). Proteinaceous candidate agents may also be attached using other techniques 
known in the art, for example for the attachment of antibodies to polymers; see Slinkin et al.. BjoconL. 
Chem. 2 :342-348 (1991); Torchilin et al.. supra; Trubetskoy et al., Bioconj. Chem. 3 :323-327 (1992); 
King et al., Cancer Res. 54 :6176-6185 (1994); and Wilbur et al., Bioconjugate Chem. 5:220-235 
(1994), all of which are hereby expressly incorporated by reference). It should be understood thatthe 
candidate agents may be attached in a variety of ways, including those listed above. What is 
important is that manner of attachment does not significantly alter the functionality of the candidate 
agent; that is, the candidate agent should be attached in such a flexible manner as to allow its 
interaction with a target. 

Specific techniques for immobilizing enzymes on microspheres are known in the prior art. In one case, 
NH 2 surface chemistry microspheres are used. Surface activation is achieved with a 2.5% 
glutaraldehyde in phosphate buffered saline (10 mM) providing a pH of 6.9. (138 mM NaCI, 2.7 mM, 
KCI) This is stirred on a stir bed for approximately 2 hours at room temperature. The microspheres 
are then rinsed with ultrapure water plus 0.01% tween 20 (surfactant) -0.02%, and rinsed again with a 
pH 7.7 PBS plus 0.01% tween 20. Finally, the enzyme is added to the solution, preferably after being 
prefiltered using a 0.45um amicon micropure filter. 

In some embodiments, the microspheres may additionally comprise identifier binding ligands for use in 
certain decoding systems. By "identifier binding ligands" or "IBLs" herein is meant a compound that 
will specifically bind a corresponding decoder binding ligand (DBL) to facilitate the elucidation of the 
identity of the bioactive agent attached to the bead. That is, the IBL and the corresponding DBL form 
a binding partner pair. By "specifically bind" herein is meant that the IBL binds its DBL with specificity 
sufficient to differentiate between the corresponding DBL and other DBLs (that is, DBLs for other 
IBLs) or other components or contaminants of the system. The binding should be sufficient to remain 
bound under the conditions of the decoding step, including wash steps to remove non-specific binding. 
In some embodiments, for example when the IBLs and corresponding DBLs are proteins or nucleic 
acids, the dissociation constants of the IBL to its DBL will be less than about M\ with less 

than about 10* to 10* M" 1 being preferred and less than about 10 ' -10* M" 1 being particularly 
preferred. 

IBL-DBL binding pairs are known or can be readily found using known techniques. For example, when 
the IBL is a protein, the DBLs include proteins (particularly including antibodies or fragments thereof 
(FAbs, etc.)) or small molecules, or vice versa (the IBL is an antibody and the DBL is a protein). Metal 
ion- metal ion ligands or chelators pairs are also useful. Antigen-antibody pairs, enzymes and 
substrates or inhibitors, other protein-protein interacting pairs, receptor-ligands, complementary 
nucleic acids, and carbohydrates and their binding partners are also suitable binding pairs. Nucleic 
acid - nucleic acid binding proteins pairs are also useful. Similarly, as is generally described in U.S. 
Patents 5,270,163, 5,475.096. 5.567.588, 5,595,877, 5.637,459, 5,683,867,5.705.337, and related 
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patents, hereby incorporated by reference, nucleic acid "aptomers" can be developed for binding to 
virtually any target; such a aptomer-target pair can be used as the IBL-DBL pair. Similarly, there is a 
wide body of literature relating to the development of binding pairs based on combinatorial chemistry 
methods. 

In a preferred embodiment, the IBL is a molecule whose color or luminescence properties change in 
the presence of a selectively-binding DBL. For example, the IBL may be a fluorescent pH indicator 
whose emission intensity changes with pH. Similarly, the IBL may be a fluorescent ion indicator, 
whose emission properties change with ion concentration. 

Alternatively, the IBL is a molecule whose color or luminescence properties change in the presence of 
various solvents. For example, the IBL may be a fluorescent molecule such as an ethidium salt whose 
fluorescence intensity increases in hydrophobic environments. Similarly, the IBL may be a derivative 
of fluorescein whose color changes between aqueous and nonpolar solvents. 

In one embodiment, the DBL may be attached to a bead, i.e. a "decoder bead", that may carry a label 
such as a fluorophore. 

In a preferred embodiment, the IBL-DBL pair comprise substantially complementary single-stranded 
nucleic acids. In this embodiment, the binding ligands can be referred to as "identifier probes" and 
"decoder probes". Generally, the identifier and decoder probes range from about 4 basepairs in length 
to about 1000, with from about 6 to about 100 being preferred, and from about 8 to about 40 being 
particularly preferred. What is important is that the probes are long enough to be specific, i.e. to 
distinguish between different IBL-DBL pairs, yet short enough to allow both a) dissociation, if 
necessary, under suitable experimental conditions, and b) efficient hybridization. 

In a preferred embodiment, as is more fully outlined below, the IBLs do not bind to DBLs. Rather, the 
IBLs are used as identifier moieties flMs") that are identified directly, for example through the use of 
mass spectroscopy. 

In a preferred embodiment, the microspheres comprise an optical signature that can be used to 
identify the attached bioactive agent, as is generally outlined in U.S.S.N.s 08/818,199 and 09/151 ,877, 
both of which are hereby incorporated by reference. That is, each subpopulation of microspheres 
comprise a unique optical signature or optical tag that can be used to identify the unique bioactive 
agent of that subpopulation of microspheres; a bead comprising the unique optical signature may be 
distinguished from beads at other locations with different optical signatures. As is outlined herein, 
each bioactive agent will have an associated unique optical signature such that any microspheres 
comprising that bioactive agent will be identifiable on the basis of the signature. As is more fully 
outlined below, it is possible to reuse or duplicate optical signatures within an array, for example, when 
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another .eve. of identification * used, for example when beads of different sizes are used, or when the 
array is loaded sequentially with different batches of beads. 

ln a preferred embodiment, the optica, signature generally a mixture of reporter dyes, preferably 
fluorescent Byva^ngboth^ 

the concentration of the dye (leading to differences in signal intensity), matnces of umque tags may be 
generated. This may be done by cova.ently attaching the dyes to the surface of the beads or 
Imativer, by entrapping the dye within the bead. The dyes may be chromophores or phosphors but 
artprefer^ 

for decoding. Suitabie dyes for use in the invention indude, but are not limtted to, fluorescent 
.anthanide complexes, Including those of Europium and Terbium, fluorescein, rhodamme. 
tetramethy.rhodamine. eosin, eiythrosin, coumarin, methyl-coumarins, pyrene , Ma.acKe green, 
stilbene, Lucifer Yel.ow. Cascade Blue™, Texas Red. and others descnbed ,n the ™™ 
. Molecular Probes Handbook by Richard P. Haugland, hereby expressly incorporated by reference. 

,n a preferred embodiment, the encoding can be accomp-ished in a ratio of at 'ea,^ y e^ 
m ore encoding dimensions may be added in the size of the beads, for examp.e. In add,tio , th 
are distinguishab.e from one another; thus two different .abe.s may comprise different mo.ecu.es fi.e. 
two different fluors) or. alternatively, one label at two different concentrations or intensrty. 

ln a preferred embodime^ 

doJ - is genera..y outlined forthe attachment of the bioactive agents, using functiona groups on the 
surface of the beads. As wi.1 be appreciated by those in the art, these attachments are done to 

minimize the effect on the dye. 

,n a preferred embodiment, the dyes are non-covalently associated w*h the beads, generaiiy by 
entrappingthedyesinthebeadmatrixorporesofthebeads. Fluorescent dyes are genera ly 

IrredbecauL the strength of the fcc^^l^.^*-^^^ 

decoding. Add.ona.ly, encoding in the ratios of the two or more dyes, rather than smg.e dye 
concentrations, is preferred since * provides «^ 
reporter dye's signature and detector sensitivity. 

, n one embodiment, the dyes are added to the bioactive agent, rather than the beads. .Hhough this is 
generally not preferred. 

In one embodiment, the microspheres do not contain an optical signature. 

,„ one em*dimen,.he oncospheres contain a signal ^„cer*a,«ca,es and/.r ya-es *. 
rec. g n»o„ even,. B» "signal transduce,- o, -signal transduce, eiemenr here, rs mean, a motecute 
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' naP ' e .„ „, aKnacto aaentv*iatargetanalyte. In a preferred embodiment the 

^ TiTLwJL OP*- P'»P'* S <™ e signaltransducer. Examples of signal 
transducers include «■ characterized by detecting disturbance o( a fluorescence 

spheres that change their fluorescent propertes upon reckon of anatyte. 

^iment the signal transducer la a Ituorophore. The llu.roph.re is attached to the beads 

bead and/or bioactive agent (Figure 9). 

indication of the binding of the target ana.yte to the bioactive agent (Rgure 10). 

« horfiment the bioactive agent is indirectly attached or bound to a signal transducer 
,„ an alternate embod ment t e ^ 9 the bioactive agen t inciudes a 

of the binding of the target analyte to the bioactive agent. 

w k ,wnt the array contains microspheres that contain optical transduction 

for direct sensing of unlabeled analytes. 
the presence of the target analyte in the mixture. 
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there is no need (Of a«ernative sample preparation or labeling. 

eludes microspheres .ha. contain a bioacfwe agent and a signal transducer. In add*on. ft. lot 
ITs Lbst-ate ™th a surtase wtth dtecrere sites. The microspheres are disputed on .he 

SI ^irXt— eous^ orsubseguen „o „ of^ads-, the sample. 

|„ one embodiment .he signal transduce, is attached to .he tractive agent 

,„ a preferred embodiment «* present Invent does no. rer, solel, on .he use o, »P«ca, properties 
o des de «.a anays. Ho»e»er, as- be appr.cla.ed bytnose in the art. S rsposs, W e . -» 

"1 « W „popu,a,.nso,beads.ona^hanop 6 ca„gnatu,eandone*. uta ows the « *e 

of the array. 

,„ a preferred embodiment each subpopu,a S =n of beads comprises a p,ura,«» of M 
7 HBLsl B, using a plural*, of different IBts to encode each bioacbve agent the 

numbe, of f»* ^ number „, unk)lie IBLs (a5Su m^ no -reuse" occurs. 

tiras^^Uan «-e presence or absence o, each IBLis used asf.eindicator. Forexamp* 
reZnmon,o,10,BLs per bead generatesa ,0 bHbinarycc*. where each b«can be de.gna.ed 
as ■ 7bl b Isen,, or -0" (IBL Is absent,. A 10 bit binary code has 2" possWe variants However. 

are used fhen (he array size increases as 3". Thus, in this embodiment each individual bioachve 
addition of IBLs and bioactive agent components. 
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A.temative.y, when the bioactive agent is a polymer of different residues, i.e. when the bioactive agent 
is a protein or nucieic acrf, the combination of different IBLs can be used to e.uddate the sequence of 
the protein or nucleic acid. 

Thus for exampie, using two different IBLs (IBL1 and IBL2), the first posKon of a nucleic acid can be 
elucidated: for example, adenosine can be represented by the presence of both IBL1 and IBL2; 
thymidine can be represented by the presence of IBL1 but no, .BL2. cytosine can be <«™^» 
the presence of IBL2 but not IBL1 . and guanosine can be represented by the absence of both. The 
second posttion of the nucleic acid can be done in a similar manner using .BL3 and IBL4; thus, the 

sequence AT; IBL1 , IBL3 and IBL4 grves the sequence TA. etc. The third position utilizes IBL5 and 
,BL6 etc in this way. the use of 20 different identifiers can yield a unique code for every pos S1 b.e 10- 



mer. 



The system is similar for proteins but requires a larger number of different IBLs to identify each 
position, depending on the al.owed dr^ersity at each position. Thus for example, if eve,y ammo -ad « 
Lowed at every position, five different IBLs are required for each po«on. However, as outhned 
above for examp.e when using random peptides as the bioactive agents, there may be b,as bu,lt mto 
the system- not al. amino acids may be present at all positions, and some positions may be preset; 
accordingly, it may be possible to utHize four different IBLs for each amino acd. 

in this way, a sort of -bar code' for each sequence can be constructed; the presence or absence of 
each distinct IBL will allow the identification of each bioactive agent. 

,„ addition, the use of different concentrations or densities of IBLs allows a "reuse" of sorte. If. for 
example, the bead comprising a first agent has a 1X concentration of IBL, and a second bead 
comprising a second agent has a 1 0X concentration of IBL. using saturating concentrations of the 
corresponding labelled DBL allows the user to distinguish between the two beads. 

,n a preferred embodiment, the composes of the invention further comprise at .east one fiducial. By 
•fiducial" or "marker" or "registration point" herein is meant a physical reference feature or 
characteristic that al.ows precise comparisons of sequential data images of an array. The use of 
fiducia.s is useful for a variety of reasons. In general, the assays involve monitoring of objects ,e. 
bioactive agents, located at spatially distinct locations (features) over the course of several data .mage 
frames taken over time. Any shifting that occurs from frame to frame complicates the ana.ys,s of the 
agents. By incorporating permanent fiduciais into the assay structure, each data image can be 
aligned, either manually or automatically, to allow accurate comparison of the images, and control for 
translation f,e. a shift in an X-Y direction) and/or rotation as wel. as reduction or en.argement of the 
image In addition, when fluorescence based assays are used (efther for decoding or ana.yte assayng 



27 



PCT/US00/23830 

Ll'lT, given image, a pabular »*» » < eatae m * y " ^ "* *"* " a ° nSCmC '- 
of both), in an, l» »n » P , nter ,og a ted, o, the presence or 

perMsr feature, « * — <° '«*»-* d ' a ™ ,h9 Se9m9 "' ^ ** C °' e - 

09,500 555 and 0 S Application eniffled Automated Information Process,ng ,n Randomly Ordered 

incorporated by reference. 

one, the microspheres comprising the candidate agents and the unK,ue tags are generated, they are 
Once the micr sp m the arrays and of 

solvents, and m«u,es. The soivent can evaporate, and excess heads removed. 

. „,„.„,, f0 . example when chemical attachment is done, it is possible to attach the 
,„ some — ,3 way For exampte. ushg pho,ca*a«b,e attachment H~ o, 

for attachment, such tat de«ned populations of beads are laid down. 

« „™n«ir.ietodsuchthatinformatonabouttheidentityoftho 

:^„r:rande ffl .erbe,ore.duhn 9 o,a«e,.euseo,,e. m ,,.de,ec,,a.e,mo,ecu,.s. 
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hIITs bleen two data images. In genera!, this is done by taking a first or initial data image, 
ritTTc™-. a registered first data image, subjecting the array to decoding condflons 

LLtwo registered images can be compared. ,n th, context, a "data image" -nc udes a 
Y coordinates with corresponding Intensity values. 

,„ e p,efe„ed embodiment, .his is done using , compute, system comprising a processor and a 
Zute, readable memory. The computer readable mem.., comprises an ac„u«*n module that 
Z^scomputercodCalcan recefcea data rmage „om a random arrayand a region 
module comprising compute, code that can ,eg*te, the date image using at leas, on, f^c* 
including a frduc*, template. ,o generate a registered date Image. This regrstered da, ,ma^ can 
then baled b a storage module as needed. This same compute, code, or different «-M 
required can be us*d te receive add*™, date images and generate addl»ona, ragged date 

u k „ ,hpm to allow both decoding of the array and target analyte detection. That is, 
cf the location of at least two unique bioactive agents on the array. 

As a preliminary matter, prior to decode a Bering step o, preprocessing step is performed (.though 

Ttei 6 X> Llsno. a ,e,e,ence signa, o,*gna,s .These iocaaons are d*ed as 

conteining no beads e, conteining fault, beads and thus can he dropped (- ft. analyse. 9 Mng a 
higher confidence level lor the remaining sites. 

,„ an alternativ. embodiment. Bering or preprocessing serves lo categohze (h. beads into 
Ipoputaaons; i.e. beads* sWarch.ractehs.es, such as cel.,, may term a subpopute* . The 
^notations ma, be used ,o, addi«onal data processing such as signal summrng. statical 

and discarded, resulting in higher cadence levels, higher signals and lower background. 

GOT*, me p,ep,oces*g is performed by ana,y*g or deteCng a ,gna, obtained hom , a. teas, 
one 0, the a„ay locations and determining whether the a„.v locaton contains a bead If he array 

Ipopulattens containing slmila, signals, although Ihis b no, required. ,, » . detuned that the 
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analyses. 

♦ ci„n a l obtained from array location is an optical signature of the bead. That 

array image. 

• u \ fr om the clustered beads can then be analyzed by summing the signals or 
expressly incorporated herein by reference in their entirety. 

USSNs 60/090,473, 09/1 89 ,54 J ana u»/ omhn Himent a selective decoding 

example, the beads at line m phoW eavable talon), and subsequently 

^ eadsateeM ,e I ,^»a„a^d i ns«u,,*,na fc „alHbe 
, r e ,e,.ased, and then the po „, , at)ete may ^ Catenated atomate 

isotopic tags mass spectral tags. 

t h Pmb odiment atomic force microscopy (AFM) is used to decode the array. In this 
in a preferred embedment, atom ^ ^ gn 

embodiment, an AFM Hp. compns-ng ^^^^ AFM . , N aadition , sin ce AFM 
lBLTh ef 0 rceof — 

has atom,c resolufon, a vanety of* PY ^ as lBLs; jn ^ 

STS^t. used as — ~ -at « »— beads and - speCc 



locations on the array. 
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* u be appreciated by those in the art, this may also be done in systems where the array . not 

T l & ^^^t-.-n^-l^o.H^^'^ mil- 
decoded. i.e. there need noi .positives", i.e. those 

======= ===== 

spectroscopy. 

, . ^.^k « nwA are to be detected on the array, the 

example, via an .ntermed,ate mo.ety such a m P ^ ^ ^ ^ 

both of these embodiments, plane-or crcularly pobmzed ght . eh. 

**, .0 B. M need n.. ' ™ * e „ ample , 

Jd upon release to. -he bead ,e»=»ed b, S ubse,u.n, ana lySB . for e»mp.e «, gas 
chromatograph or mass spectroscope. 

— ==s==s========-- 
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■„ega»»e- fibers. » distinguish •>« P»"" la * ,ns - The """" Med P,eCU,80rS ~ °' en 



versa). 



,„ an alternate preferred eminent, the sites .f attachment ofthe beads (for example the wells) 

CA^J.es.assay.run.W.tes^downagai^er.he-p o*e"o 

«Z » dUn,** these populations. As a result of ft. irraoTa.cn, either a« the pos*es a, ail the 

be released from the array. 

,„ aprefced embodiment. the location o.e»e„ fcoac*. agent is determined uaing decoder bind^ 
lbands (DBLs). As outUned above. DBLs are binding Ifcands ft..- «e, bind ,c 

nucleic acid or protein. 

,„ a preferred embodiment, as outlined above, the DBL binds to the 1BL. 

u ^ * th» hinactive aaents are single-stranded nucleic acids and the DBL is a 
a decode, probe herein. A decode, probe ft., b subsoil, ccmpiementary to each 
Z d.cdder probes should be of suffcient length (and the decoding step run unde, suable 
sufficient specificity to allow ft. distinction of .ach candidate probe. 

— ^^^^^^^ 

l .adloa,*,. o, heavyisotopes: b) magnetic elecbical. thermal; and c, co,o,ed criumnes^s. 
. • tiohph, In a rjreferred embodiment, the DBL is directly labeled, that is, the DBL 

can be as described above for IBL-DBL pairs. 

» „• . t HoiHpntificationofthelocationoftheindrvidualbeads(orsubpopulationsofbeads)fe 
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the removal of to DBLis no. required (although it ma, be desirable ,n some 

!^^ h ^-^>^^^ to ■ ,, - ,,,i " , "• ,,,, "" ,^ 

to In an assay, during the assay, or after the assay. 

In one embodiment a single decoding step is done. In this embodiment each DBL is lebeled vflth a 

Z* (aUhough in some cases. W o.th. unique labels con be done, as described he,e,n 
agentsfaltno nMnIcand|d>teptobescansl , are ll, e s a mod e code,.ifthoyanantsar.encoded 

i-ir .rfafari between the DBLs and either the bioactwe agents or the IBLs, the 
TT,IcCr,»«. ™s anowstoeiden^n o,«,e locaoon ofeach bioaCve 

target sample applied. 

71 d thus a sequent senes of decoding steps are used. To facBate the discuss,on, thrs 
btilentt for nucleic adds, anhough other t»pes o, «o.«*e agents and DBLs are 

ofse p A1 , a ,. deco a.,n r „be S shareth e same 1 .tags.Th.decode,ptobosa,e 

pooled so that each poo „, te . ^ nurnber „, pools required for this to 

be true.sdeterm. y The seq uential hybridization of each pool in turn w,ll 

orobe at each address in the array. For example, if four tags are used, then 4 X n sequent 

n ld After the hybridization of each pool, the hybrids are denatured and the decode, probes 

: ! Hh! oris ore rendered single-stranded for the next hybridization (a»h.ugh . rs also 

hybridization). 



33 



PCTAJS00/23830 

•tztt— » - - « -* ■* ,m,mberc , - ,6> - r r 

ITe Tags .our d«eren, «uors. for example; labels A-O). Decode, probes ,-,6 are mad, M 
unique tags (touroi The first step is to label decoder probes 1-4vnthtag A, 

ft \e"X~;o -deoo* probe. Th e addflon oMabeled ddNTPs (eacb labeled 
probe, crea.no .5 ^ over ^ ^ h ^ ^ 

including ligation, etc. 

u • f *p arrav will be set by the number of unique decoding binding ligands, it 
.po.ti.to -eus. ,„ usi ™ some subpopulasons that comprise optica! signatures. 

T DBU sLarty one embodiment uftes bead size as a coding modality, thus allocs the 
se, cf DBLS. S m art, on Alte— ,el y . sequential partial loading of arrays 

u „♦ iho drl s mav be reused by having some subpopulations of beads 

but are not limited to, fluorescent lanum k „ athu i rn umarins ovrene, 

• limine tetramethylrhodamine,eosin,erythrosin,coumann,methyl-coumanns,pyren 
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Edition of the Molecular Probes Handbook by Richard P. Haugland. hereby expressly incorporated by 



reference. 



in a preferred embodiment, the encoding can be accomplished in a ratio of at leasts dyes, although 
more encoding dimensions may be added in the size of the beads, for example. In addition, the labels 
are distinguishable from one another; thus two different labels may comprise different molecules Cue. 
two different fluors) or, alternatively, one label at two different concentrations or intensrty. 

,n a preferred embodiment, the dyes are covalentty attached to the surface of the beads. This may be 
done as is generally outlined for the attachment of the bioactive agents, using functional groups on the 
surface of the beads. As will be appreciated by those in the art, these attachments are done to 
minimize the effect on the dye. 

,n a preferred embodiment, the dyes are non-cova.ently associated with the beads, generally by 
entrapping the dyes in the pores of the beads. 

Additionally, encoding in the ratios of the two or more dyes, rather than single dye concentrations, is 
preferred since it provides insensitivity to the intensity of light used to interrogate the reporter dye s 

signature and detector sensitivity. 

,n a preferred embodiment, a spatial or positional coding system is done. In this embodiment there 
are sub-bundles or subarrays f.e. portions of the total array) that are utitized. By analogy wth the 
telephone system, each subarray is an 'area code", that can have the same tags Cl.e. telephone 
numbers) of other subarrays, that are separated by virtue of the location of the subarray Jhus, for - 
example thesame unique tags can be reused from bundle to bundle. Thus, the use of 50un,que tags 

in combination with 100 different subarrays can form an array of 5000 different bioactive agents In 
this embodiment, it becomes important* be abie to kientify one bundle from another; ,n general, th,s 
is done either manually or through the use of marker beads, i.e. beads containing unique tags for each 



subarray. 



,n alternative embodiments, additional encoding parameters can be added, such ,m ^ ph er s,ze. 
For example, the use of different size beads may also allow the reuse of sets of DBLs; that ,s, ,s 
possible to use microspheres of deferent sizes to expand the encoding dimensions of the 
microspheres. Optica, fiber arrays can be fabricated containing features with different fiber d,ameters 
or cross-sections; alternatively, two or more fiber optic bundles, each with different ^sec^s ° 
the individual fibers, can be added together to form a larger bundle; or. fiber optic bundles wrth fiber of 
the same size cross-sections can be used, but just with drfferent sized beads. Wrth different 
diameters, the largest wells can be filled with the largest microspheres and then movmg onto 
progress"^ smaller microspheres in the smal.er wells until all size wells are then filled. In th>s 
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manner the same dye ratio could be used to encode microspheres of different sizes thereby 
expanding the number of different oligonucleotide sequences or chemical functionalities present in the 
array. Although outlined for fiber optic substrates, this as well as the other methods outlined herem 
can be used with other substrates and with other attachment modalities as well. 

In a preferred embodiment, the coding and decoding is accomplished by sequential loading of the 
microspheres into the array. As outlined above for spatial coding, in this embodiment, the optical 
signatures can be "reused". In this embodiment, the library of microspheres each compnsmg a 
different bioactive agent (or the subpopulations each comprise a different bioactive agent), is divided 
into a plurality of sub.ibraries; for example, depending on the size of the desired array and the number 
of unique tags. 10 sublibraries each comprising roughly 10% of the total library may be made, wrth 
each sublibrary comprfeing roughly the same unique tags. Then, the first sublibrary is added to the 
fiber optic bundle comprising the wells, and the location of each bioactive agent is determmed, 
generally through the use of DBLs. The second sublibrary is then added, and the location of each 
bioactive agent is again determined. The signal in this case will comprise the signal from the "first" 
DBL and the "second" DBL; by comparing the two matrices the location of each bead in each 
sublibrary can be determined. Similarly, adding the third, fourth, etc. sublibraries sequentially will allow 
the array to be filled. 

,n a preferred embodiment, codes can be "shared" in several ways. In a first embodiment, a single 
code Q e IBL/DBL pair) can be assigned to two or more agents if the target analytes different 
sufficiently in their binding strengths. For example, two nucleic acid probes used in an mRNA 
quantitation assay can share the same code K the ranges of their hybridization signal intensities do not 
overlap This can occur, for example, when one of the target sequences is always present at a much 
higher concentration than the other. Alternatively, the two target sequences might always be present 
at a similar concentration, but differ in hybridization efficiency. 

Alternatively a single code can be assigned to multiple agents if the agents are functionally equivalent. 
For example, if a set of oligonucleotide probes are designed with the common purpose of detecting 
the presence of a particular gene, then the probes are functionally equivalent, even though they may 
differ in sequence. Similarly, if classes of analytes are desired, all probes for different members of a 
class such as kinases or G-protein coupled receptors could share a code. Similarly, an array of th,s 
type could be used to detect homologs of known genes. In this embodiment, each gene .s 
represented by a heterologous set of probes, hybridizing to different regions of the gene (and therefore 
differing in sequence). The set of probes share a common code. If a homolog is present, rt m,ght 
hybridize to some but not all of the probes. The level of homology might be indicated by the fraction of 
probes hybridizing, as well as the average hybridization intensrty. Similarly, multipie antibodies to the 
same protein could all share the same code. 
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,„ one embodiment a background subtraction method is used to determine the location of a bead ,n an 
array That is, in contrast to other methods described herein that utilize a bead-based signai to 
determine the presence of bead in an array, the present invention is directed to a method for 
determining the location or presence of a bead in an array without the use of a bead-based label In 
one embodiments invention describes a method to identify the location of beads in the cores of a 
fiber bundle from by viewing a template image. That is, the method includes generating an image that 
combines the information in a template image and a foreground image in one single image that does 
not require hybridization or special chemistry is to identify the .ocation of beads. By template image 
herein is meant an image where all of features can be identified. By foreground image herein is meant 
an image where each bead in the array is identified. 

in a preferred embodiment, once a population or populations of beads are distributed in an array, an 
image b created by imaging the bead array with the fluorescent or luminescent material placed at the 
opposite side of the array relative to the side of the array that contains the detector. That «, for 
example when a fiber-optic bundle is used, the fluorescent or luminescent material is shone on oor 
applied to the beads from the distal end of the array while the image is detected from an optical 
detector at the proximal end of the fiber-optic bundle. 

, n one embodiment, when the substrate is a planar substrate and the beads are distributed in wells 
within the substrate, the array is visualized by detector on one side of the beads. To generate 
template and foreground images, the substrate is illuminated from the opposite side relative to the 

detector. 

Upon illumination of the bead, light is scattered by the presence of the bead in a well, making the bead 
location appear relatively dimmer than wells where no beads are present, but still bright enough to 
identify the well in the array. This method allows for the identification of a., cores in the array as we.l 
as those wells that contain beads (Figure 13). 

Accordingly the invention provides a method for obtaining an image of an array by illuminating the 
array which need not contain a label, and detecting both the array features and the array features that 
contain beads As described above, the method includes illuminating the array from the side ocposrte 
from the detector and detecting those sites or we.ls that display reduced illumination relative to other 
sites. The reduced illumination is an indication of the presence of a bead at the site. 

h, an alternative embodiment the array is imaged with other sources such as ultraviolet light (i.e. 250- 
300nm) Again in this embodiment, the array is illuminated from the side opposite to the detector. 
That is, for example, when the beads are dispersed or distributed in a fiber optic array, the bundle ,s 
iHuminated from the distal end and detected with a detector located at the ororima. end. In one 
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u t Hector is a CCD camera that measures the emission at the proximal end of the 

the^Iinission. In one embodiment, each CCD camera measures Intensity at a different wavelength. 

,„ on. embodiment, when exciting fluoroph.res on beads, the fluoroses ere exc«ed 
simu.tane.usf, using UV Ught General,,, all organic fluorophores contain a benzene*, mo,..,. 

the tfuorophore w»h the K. »f •» ™* »* W<*> " SS "' S ' i " l0,y 

dlsohmln a «.n between different types of flu.roph.res, it prevented spectral Imaging o< the ana, 

emission wavelengths. B, exciting all the Huoropho.es simultaneous!,, simultaneous emission 

measurement is achieved. 

,„ c„. asp.ctth,s in—on makes use Che ,aC.ha, silica glasses (other than fused si«ca, drspte, 
arge abslpaons in •. 250-000 nm region of ft spectrum. Accord^!,, colleCon op** can functor, 
as efficienW blockers alters, allowing*, use of brShtfiafd exd.a6onge.me*,. Moreover 

mm OP* bund,., « result in reduced o, eliminated background ligh, ahsing from the fluorescence of 

glass impurities. 

,„ an additotal .mb.dim.nf, the inventa in,.lves the simultaneous measurement o, detecton of a 
Zlityofem^n wave,.ngft regimes. That,, »^^'^~*T~Z> 
are inled, these n emission bands ar. separated b, dichrorc beam splKters and defected by n-CCD 
cameras in parallel. This results in speeding up data acquisition by Mold. 

An alterna*. embodiment of the invenfion proves a method for Improved sfcnel detednn by making 

m.dif«a«.ns.o standard buff.. h **» — !■ - —* T!T"^L^ 
range .. M. « cmm.nl, used and assays, crte.. changas can be mad. .0 .he sofuton ha, w„ 
posMvel, impact ft. of sfcna, detected .mm ft. am,,. Such m.d«i.d buff.r solutons inclod, 
solutons ft* are afrered orm.di«ed w«h ..spec, te. bu. no. «mited .o , altera.,..* In bufler a) 
temparatu,., b, visc«it,, or c, presence of molecular oxygen. In addflonon. can ad.us.the 
,e.,a*e index ., .he buffer so,uti»n to opto, light transfer, ... example inte me cores o. opto, 
fibers of a fiber-optic array. 

An exampie is ii.ustrative. Ruorescence intense in most molecu.es b genera.ly thought to increase 
with decreasing temperature. Wrthout being bound by theory, it is thought that this is a resuK of 
decreased frequency of coliisions at lower temperatures which reduces the probabilfty for the 
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beads was increased (Figure 12) 



In a mono p,.,. . „„« including but not «m»ed to .xposingto- 
Tnaan^ratu^a^^ 



solution. 



5 



nitrogen gas, resulting in improved signal output. 

^hnri fnr hackaround subtraction analysis of 

:::::*:=r::, Tr 

rr- r^; rJ== ::::r::r;=, 

Mucial. Tha fiducial ma, be . «ducal bead « to, as m ^ 

August 9, 2000 (no senal number received;, 



reference. 



39 



PCT/US00/23830 

zrrrr^r-" -— 

in the array. An example is iUustrative. 

rr^r^=^*~ 

Image is compared a f^ 81 
Werfesfo.them.e-^Uefe-e.cepo.vl 

Once the deviation of the referenc v 

rpfprence signal of known intensity. 
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» - 0, 9 ranvna«ca, 1M ^ p^m. M - * «— « * 

Mm pound.r parted** """^ ^^^^^^ 

is sought detection of 

. # * ** T*" ^1 * )■ a arnica. 0™**, «*— ■ """"^ 
pouln.OneluWpe*^.'^ 

*,)• Womolaculss *°' m °" K ' ^1' L»na,. nu»n«, and ceU surface recaptor,) or 

celte , — „«« ^ ^ are „ ucle , acMs and Prott ,na. 

|e„Mm S as,atc.);andspo>a 5 .afe ^ ,„ „,„ art. 

variety of applications. 

For example, probes can De 
ln a preferred embodiment, the ^^ d ^^I!L such as the gene for 
m ade using the techniques disclosed here,n to de ect a g ^ ^ ^ g 

nonpolyposis colon cancer, the BRCA1 Dre ^ ^ g g r eatl^ risk of Alzheimer's disease, allowing for 

easypresymptomaticscreemngofpa^en 
any of the others well known in the art. 



25 



30 



41 



10 



15 



20 



PCT/US00/23830 

baclena and viruses. F« "™V a , lov , fo , direct screening of *icl samples to detect 

HtV an^. ^ me*^ «»se ^-<° , n a „o„. this al,o«s 

dl r,ct monitonng o. MM — ^ ,. ukemla , HTLV-I and HTLV-U, ma, be 
transmitted diseases. rr»y also be detected. 

^e-cedembcdimen^ 
..■eleasensnuctetca^andmenp^one 

^aTlaam.esUKen.tem^msands^c,. 

„ use ri single nucleotide Polymorphisms (MM. ^ ,„ ,„„ „ ound 

.poEMM .an,,* a,, associated »* cW sNp ^ ^ ^en, 

Cordor e, al.. Science 261 |M «W- acMrate ana reliable method of 

„„„,o o«gonuc,eo»de -^-^^^ ala , science, ^ ««« 

^ultaneousi, genotype *~'""*~ l« The compost 41. p-esen. 

. ^ w.f.r.tal Nature Biotechnology 16 33 J»ti= 

5M aK0 ^ ttsubsffluted .or the arrays otme pno- art. 
Invention may easily be substrate 
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, the bioacave agent specific* binds tt . •» J J ^ analyte and ottler 

comports o. contaminants of the test samp ^ ^ ^ 

which -electronic noses" work. This finds parcel ' „ ash aeps ,„ 

.ere*, tow «* «ng "T^ZZS*** *and - * ~ « ~ 

15 .omoiecuies, - — *- ^ ^Z^ »*> - - *" ^ ^ "* 

10 --10*M',w»hlessthanabout10 to 10 M "»"P 

being particularly preferred. 

20 »— ^■•.■"tn.- ^^r^elende.ected.As-beappreo^b, 

eondi.cn, The presence or absence oftte * 9 e * ^ ^ - ^ ^ .„ a „ 

bindng of a dye-tagged anal*, to ft. b«*» ^ ,„ teractto , 

25 destrueaon of an existing d,e speces, a change tnthe 
dye on bead, or any other op«ca. interrogate event. 

,napre,.rredembod»ne„,,,h^ 

a „a,y«, tha, rs labeled, e«he, d,re* a „ a|yte „ u5ed . , ma , be 

30 e«her direct* labeled wi* a nuor, onnd,,ec*. f.r P ^ „ „ 

Similarly, nucleic actfs are easir, labeled w* « « ■ „ ^ may „ 

- — jrr=n==^= ■ 
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WO0M8524 rf „*„ a hi 0 active agent, there is a new optical 

^ generated «.**.«M*«>""-»f **="• 

species is *« *«* « °'* ,Ci " """^ 

. xu cinnature may be the basis of the optical 

. • th Pa rtinsomeembodiments,thepresenceorabsenceofthe 
As «R be appreciated by those ,n the art, ,n some m .^.^ ^ ^ 

bioactive . g .nK «. b. knovm. 0, decode « , «» ° ^ „ 

^eo^eeo^s^Susea r'tir^X e Un,^.. ^.a i-,- o*ed 
exoseneousr^oraf^Uen,^ 

rd:==:=:^ 

analyte. 



the art. 



based on traditional sandwu* assays. TheD e Tw0 SNP allele-specific 

* m -v nf thp SNP to capture the target sequent 
(upstream or downstream) of the s>Nr , 10 r 
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WO 01/18524 ^A„ al \ tn the taraet sequence. The genotype 

.noe ft. probes are cempebnn. •. ™« * stab , y boimd , . matc „ed probe cen m 

Under condidons where a nwnatohed probe ~* tfBCrimirafon un de, .hose oondflons. 

optimal condKons for mismatch discriminate 

^fluoreecen.1, labeled ddHTPs ., o»»r chain*™ 9 „ ^mentor, .0 <h. 

, 0 ca,,d adiacen.to.be SNP s«e. -"•^'^^ one toea chbase.»,e seance o«e 

SNP can b. deduced b» compare -he to" „,„ „„,„„ musl ^e, be 
,„ . M embodin,.* -he cap*., pr»« an b. ex. ^ ^ ^ ^ ^ ^ 
s^ed,-,o n ,eb.ad.o^cbed^^ ; ^^^e^e,* 

samples. 

«.wed b»captoreo»he expended p™ne,on .he arra,. 

h *. DBL bo* bind to the agent S is also possible to do 

experimental work is requ.red. The 
be encoded in software. 

= == ======■ 
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a „ incorrect «M - * 9 ^ rontt0 , pro0 edu,e Is .ha. it can be 

multiple arrays ran also be detected. * tes t of each individual 

oolc.odbCba.oreanda.er.hea^sampleanaW, 

»„ he used to do reagent quality control. In many instances, 
biological macromolecules are used as reagent ^ 

— — : cu li— — — - 

--tr-r; Lr:=rrr:;::,o,, 

e^ons.sucbasrnRNA.-ua- ^^.^.^a^. ----•>--- 

concentration ot the target analyte, or. atematv y ^ 

AocorWW. «.» P— * "»-*" ^ "* '^L u „de, eond«s mat simulate the 

^^-^■^^^^r^i-— ------ 

complexity of the sample to be analyzed. Each c ^ ^ ^ for ,„„ aIray . 

(„. for a different rang, of concerns), bu. a. «,. ame ^ 

embodiments.^ 
concents being used as the code ** ^ — ran ^ ^ out 

TO*, .0, exam,*, the methods allowthe ^ he, do „.<hybdd*> well, or because they 

mos e in th. =, some probes do no, Tp^ a , e es ,, y deterte d duhng decoding. 

expense of assay development. 

„ fodiment.reme^odso.thelnventl.nareuse.ulinr.uant.a.oninassa, 
Similarly, in a preferred embodrment. the m ^ ^ 

**«t "*» T^^te «L differences, and to measure absolute 
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and mOT atch probe peas ^t^ JS^"-"-^ 

quantitative response to concentrate . fenecessaIybecall se only some probes respond 

knowtedge. only the average response ot an apprcpn V as ^ 

aso*e,.ssa,s. In essence.the bes Thfc* done ustng the arreycaiib^n 
p a racula,assa,.ra<he.thanave ra gethern«*oB.erPr images of Ms approach 

sohe m eou„ 1 ned.h.ye,n- ; on r= s r: = ^ fe |ess ^ 0 „ ^ „ umb e. 
Include: fewer probes are needed; th. a curacy ^ tn ^ ^ 

«M events, .n w*h a known mRNA . added ,o a m-ure. 



A „,e f e,enoesc« e dhe*ar. in oerpora,edP > ,e,e,eao.,n,h.,en W . 



Examples 

Example 1 Improved Signal Meeton from anays 

, „ otherwise to detect a change In signal Is dictated by the 
The M for any analyHeal system, opoca, or ofhe^ « ^ ^ , o 

ground and norse assorted *~ ^J^£U-T« bo*, is*- a c*„ 

rr::::r::e:=:r:::^ 

number ofadvantages.mostimporuntr^^^^ 

Interface, the background ...he measurement , „ partlcularly 

= ==s===S=======- 

== r:r--r=r= 
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h the fiber a non-fluorescent coating such 

demonstrated In Figure 2. 

. •,• h «d S preloaded Into wo different stow* Iter 
— r«n^o W ro U ndo,«e m .^,ed« t eree 

Ksrs=- : ^ 



Surface 

ca p, u ,e of add«k>nal ,«*»«* a 



Figure 8. 
25 Example 3 
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a ™r>«wimatelv a two-fold enhancement in 
■ - «,„ m cooled fiber arrays showed approximately a wo 
In those experiments, the CO r cooien nu 

fluorescence over room temperature arrays. 
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We claim: 



1 . A composition comprising: 

a) a substrate with a surface comprising discrete sites; 

b) a reflective coating on said surface; and 

c) a population of microspheres distributed on said substrate said microspheres 
comprising at least a first and a second subpopulation. 

2. A composition according to claim 1 wherein at least one subpopulation comprises a 
bioactive agent. 

3 A composition according to claim 1, wherein said substrate comprises a first and a second 

surface, wherein said first surface comprises said discrete sites, said reflective coating on said second 
surface, said population of microspheres distributed on said first surface. 

4. A composition according to claim 1 or claim 3, wherein said substrate is a fiber optic 
bundle. 

5. A composition according to claim 4, wherein said fiber optic bundle comprises wells 
comprising said microspheres. 

6. A composition according to claim 1 or claim 3, wherein said substrate is selected from the 
group consisting of glass and plastic. 

7. A composition according to claim 1 or claim 3, wherein said reflective coating is a metal. 

8. A composition according to claim 7, wherein said metal is selected from the group 
consisting of gold, silver, chromium, platinum and indium tin oxide. 

g. A composition according to claim 1 or claim 3 wherein said reflective coating is a dielectric 

coating. 



10. A composition 
absorbs certain wavelengths. 



according to claim 1 or claim 3, wherein said reflective coating selectively 



11. A method of making a reflective array comprising: 

a) providing a substrate with a surface comprising discrete sites: 

b) applying to said surface a coating of reflective material; and 

c) distributing microspheres on said surface. 



50 



PCT7US00/23830 

WO 01/18524 

12 . A mahodacc.rdino.oct*,,, «»*«- — 

„• . *,l m 1 1 wherein said substrate comprises a first and a second 

surface and said microspheres distributed on said firs, surface. 

said drsta, end comprise, P'ur* o, discrete s«.s comprrsrnu a 
"ptln 0, microspheres. sa* popuia.cn c.mpr*n g at teas, « and second 

subpopulations; and 

c) imaging said fiber optic bundie from said distal end. 

♦ , aim 14 wherein a reflective coating is present on said distal end of 

15 . A method according to claim 14. wherein 

said fiber optic bundle. 

16 . A method accords Cairn ,4, therein a ,e„e*e co* 9 * present on sa. pr.,ma, end 

of said fiber optic bundle. 

comprising alternatively shaped wells. 

Hinn to claim 1 7 wherein the wall angle of said alternatively shaped 
! 8 . A composition according to claim i i , w. 

wells is a sloped wall angle. 

Ac omp.*nacc„* 9 ..cia,mtT.whe,einsaid.n.rna^ 8 haped 1 »ei,scon te ina 

rounded wall interior. 

. , m i7 wherein at least one of said alternatively shaped wells 
20. A composition according to claim 17, wherein 
tea geometrically shaped well. 

♦ , aim ?o wherein said geometrically shaped well has a cross 

5 an octagon. 

a A compo*nacc„d,n fl ,oci» ta 17 , turtber comp^n. a popuia,. o, m„.sphe,e. 
distributed in said wells. 
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. .rnrdina to claim 22, wherein said popuiation comprises at least first and 
second subpopulatons, each of saiosuop h 

..• tn riaim 17 wherein said substrate is a transparent substrate 

coating on said second surface. 

0 alternatively shaped wells; and 

1 a population of microspheres, said P o P u.ation compns,ng at 
least first and second subpoputaiJons; and 

b) imaging said substrate. 

bioactive agent, 
shaped wells. 

an octagon. 

microspheres comprise: 

t) a bioactive agent; and 

S) a signal transducer element. 

intercalator. 
fluorophore. 

30 a)prOTMiTOaS u Kl .a«ev*ap. U ra l «»o.^t.«. e s; 
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b) distributing on said srtes a population of microspheres comprising: 

i) a bioactive agent; 

ii) a signal transducer element; 

c) contacting said substrate with said sample, whereby upon binding of said target 

as an indication of the presence of said target analyte. 



33. 



34. 



35. 

molecules. 



A method of detecting a chiral molecule in a sample compnsmg: 

a) providing a substrate with a surface comprising: 

„ at least first and second discrete sites; and 

I at ,east first and second bioactive agents attached to said first and second 
discrete sites respectively; 

b) contacting said substrate with said sample; 

c) illuminating said substrate with polarized light; and 

sites as an indication of the presence of said chiral molecule. 
A method according to ciaim 33, wherein said chiral molecule is DNA. 
Ametnod according to claim 33. wherein said first and second bioactive agents are chira! 



a- t„ r. ai m 35 wherein said first and second bioactive agents are attached 



sites. 
37. 



A method of determining the location of a microsphere in an array coming. 

second discrete said first discrete sKe comprising a m,crosphere, sa,d 
second discrete site not comprising a microsphere; 

kv Hhiminatinq said substrate; and 

presence ol said 6r*t microsphere in said IM discrete s«e. 

. . -wm 57 »herein said substrate is 3 liber optic bundle and said 

date*!, * v* a detector atthe pro*,, end ...he liber °p*c bund.. 
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a) providing a subtle with a surface comprising: 

, -m « wherein substrate is cooled to at least O'F. 
A method according to dam 39, "herein 

Am e U ,od fo r M c k0 .o»ds S na,s U h»a*n.anana»compn,ng: 
^^g.suhs.ate-as.rtacecompns^ 

oiflerem emissions; and fsakl 6rsta ™l second discrete sites 

„ sub.rac.ng the lowest signal from e*h » ^ re5peclMh , 

from the remaining signals from said ft* and 

A method o, correct image n.n-un«.rm«y compnsing: 
sites respectively; and ^ ^ intensity; 

and the known signal intensity ot 
said image non-uniformity. 

4 , .methrf accords -^^^^ ^ second lab*. respeCe,,, b, 
signal intensity of said internal reference point. 



42. 
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Hmd to claim 42 wherein said first internal reference pent 
44. A method according to claim 

distributed on a site. 

, im 42 wherein said first and second .abels are attached to sa,d 
reference point of known signal intensity. 
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FIGURE 14 



